Salmonella enterica serovar Typhimurium is a food-borne pathogen that causes severe gastroenteritis. The ability of Salmonella to cause disease depends on two type III secretion systems (T3SSs) encoded in two distinct Salmonella pathogenicity islands, 1 and 2 (SPI1 and SPI2, respectively). S. Typhimurium encodes a solo LuxR homolog, SdiA, which can detect the acyl-homoserine lactones (AHLs) produced by other bacteria and upregulate the rck operon and the srgE gene. SrgE is predicted to encode a protein of 488 residues with a coiled-coil domain between residues 345 and 382. In silico studies have provided conflicting predictions as to whether SrgE is a T3SS substrate. Therefore, in this work, we tested the hypothesis that SrgE is a T3SS effector by two methods, a ␤-lactamase activity assay and a split green fluorescent protein (GFP) complementation assay. SrgE with ␤-lactamase fused to residue 40, 100, 150, or 300 was indeed expressed and translocated into host cells, but SrgE with ␤-lactamase fused to residue 400 or 488 was not expressed, suggesting interference by the coiled-coil domain. Similarly, SrgE with GFP S11 fused to residue 300, but not to residue 488, was expressed and translocated into host cells. With both systems, translocation into host cells was dependent upon SPI2. A phylogenetic analysis indicated that srgE is found only within Salmonella enterica subspecies. It is found sporadically within both typhoidal and nontyphoidal serovars, although the SrgE protein sequences found within typhoidal serovars tend to cluster separately from those found in nontyphoidal serovars, suggesting functional diversification.
T
he members of the Salmonella genus are rod-shaped, Gramnegative, facultative anaerobes. This genus is divided into two species, S. enterica and S. bongori. Of the 2,600 different serovars in the genus, more than 2,500 are within S. enterica, which itself is split into six subspecies. The most clinically relevant subspecies, also called enterica, includes over 1,500 serovars (1) . The diversification of Salmonella from other Enterobacteriaceae is marked by the horizontal acquisition of numerous Salmonella pathogenicity islands (SPI) (2) (3) (4) (5) (6) . Each of the two most important pathogenicity islands of Salmonella enterica, SPI1 and SPI2, encode a distinct type III secretion system (T3SS) capable of translocating effector proteins across eukaryotic membranes (7) (8) (9) . Effector proteins function to modulate host cell physiology and promote bacterial survival in host tissues.
In Salmonella enterica serovar Typhimurium, the effectors secreted by T3SS1 are injected directly into intestinal enterocytes or M cells (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) . Alteration of host cell signaling ensues, which can lead to the uptake of bacteria into the host cell via macropinocytosis (21, 22) . This invasion event is also associated with the elicitation of inflammation and fluid secretion in bovine ligated ileal loops, streptomycin-treated mice, mice with human flora, and germfree mice (23) (24) (25) (26) (27) (28) (29) (30) (31) . In contrast, T3SS2, which is encoded within SPI2, is maximally induced after Salmonella has entered eukaryotic cells (32) (33) (34) (35) (36) . These observations led to the hypotheses that T3SS1 is needed to invade intestinal cells but is not required during the subsequent phases of Salmonella pathogenesis and that T3SS2 is expressed only when the bacteria reside within eukaryotic cells. However, the roles of the Salmonella T3SSs appear to be more intertwined. For example, SPI1 mutants have a replication defect and are unable to form normal Salmonella-containing vacuoles inside epithelial cells (37) , and they have been recovered in high-throughput screens for genes involved in systemic survival (38, 39) . Conversely, SPI2 genes have been shown to be involved in the induction of the inflammatory response caused by serovar Dublin in a bovine ligated ileal loop model and to contribute to inflammation in the streptomycin-treated and germfree mouse models (23-25, 30, 40-43) . Some Salmonella effector proteins are encoded within SPI1 and SPI2, while others are encoded elsewhere in the genome. Furthermore, other secretion systems have been reported in Salmonella, including the T6SS (44) (45) (46) (47) , outer membrane vesicles (48) , and the flagellar T3SS (49) (50) (51) (52) (53) .
The secretion of Salmonella effectors is temporally and spatially regulated (54) (55) (56) . For instance, a cocktail of effector proteins is injected within a few minutes after the T3SS1 apparatus is activated by host cell contact. While SPI2 gene expression is primed before cellular invasion, there is a rapid transition from SPI1 to SPI2 gene expression following Salmonella internalization. This differential gene expression is known to be induced by vacuolar signals, such as pH and the concentration of Mg 2ϩ , Fe 2ϩ , or phosphate (54, (57) (58) (59) (60) (61) . This transitional gene expression suggests a functional cooperation between T3SS1 and T3SS2 effectors to enhance host cell manipulation by Salmonella.
Salmonella encodes a LuxR homolog, SdiA, which detects Nacyl homoserine lactones (AHLs) (62, 63) . Salmonella does not encode an AHL synthase, so SdiA detects solely the AHLs produced by other species of bacteria (64) . SdiA is active in turtles, and it is likely that Aeromonas hydrophila is the AHL producer in those animals (65) . SdiA is also active in mice infected with Yersinia enterocolitica, another AHL producer (66) . The advantage of AHL detection to Salmonella is not clear. SdiA regulates seven genes located in two different loci: the rck locus (resistance to complement killing) and the srgE locus (sdiA-regulated gene E). The rck operon is borne by the virulence plasmid of S. Typhimurium and includes six genes (pefI, srgD, srgA, srgB, rck, and srgC) (64, 67) . The srgE locus is a single-gene horizontal acquisition located in the chromosome at 33.6 centisomes (64). The srgE gene has a GϩC content of 36%, which is much lower than the overall Salmonella GϩC content of 53% (64) . SrgE has a length of 488 amino acid residues, a molecular mass of 55 kDa, and a pI of 6.8. Two computer algorithms have suggested that SrgE possesses a type 3 secretion signal (68, 69) , while three other algorithms do not support this conclusion (70) (71) (72) . SrgE also encodes a putative coiledcoil (CC) domain, located between residues 345 and 382. CC domains are known to mediate protein-protein interactions and are a common feature of Salmonella T3SS substrates (73, 74) . Therefore, we sought to test the hypothesis that SrgE is a member of the S. Typhimurium T3SS effector arsenal. In this study, we determined that SrgE is indeed translocated into host cells via T3SS2.
MATERIALS AND METHODS
Bacterial strains and growth conditions. Salmonella enterica serovar Typhimurium strain ATCC 14028 and its isogenic derivatives used in this study are listed in Table 1 . Salmonella strains were routinely grown at 37°C with shaking in Luria Bertani (LB) broth (EMD Chemicals, Germany). To induce SPI1 gene expression, we grew Salmonella in LB broth with aeration overnight at 37°C and subcultured it for 4 h with aeration (75) . To induce the expression of SPI2 genes, we grew Salmonella in minimal phosphate carbon nitrogen with low phosphate (PCN-P) at pH 5.8, as previously described (76, 77) . The antibiotics kanamycin, chloramphenicol, and tetracycline were added to the media at concentrations of 50, 30, and 20 g/ml, respectively, as necessary (Sigma-Aldrich, St. Louis, MO). Expression of proteins was induced by 1 mM isopropyl-␤-D-1-thiogalactopyranoside (IPTG) and confirmed by Western blotting using anti-␤-lactamase (anti-Bla) antibody at a 1/1,000 dilution (Santa Cruz Biotechnology, Inc.) or antihistidine antibody at a 1/1,000 dilution for expression of green fluorescent protein (GFP) S11 fusion proteins (GenScript, Atlanta, GA). Anti-DnaK antibody was used at a 1/10,000 dilution (Assay Design) to detect S. Typhimurium chaperone protein DnaK as a loading control.
Plasmid construction. To engineer C-terminal translational fusions of the TEM-1 Bla to SrgE, plasmids pSipA-3ϫFlag-Bla, pFlag-Bla, and pGST-3ϫFlag-Bla kindly provided by Andreas Baumler were used (78) . In these constructs, the sec-dependent signal sequence of Bla was deleted and replaced by 3ϫFlag. The S. Typhimurium ATCC 14028 srgE gene was amplified to yield an srgE PCR product lacking the stop codon but flanked with NdeI and XhoI restriction endonuclease sites (the BA1958 and BA1915 primers are listed in Table 2 ). This PCR product was cloned into pCR2.1-TOPO to yield plasmid pCR2.1-TOPO-SrgE. pGST-3ϫFlag-Bla and pTopo-SrgE plasmids were digested with NdeI and XhoI. The digested vector and insert were ligated to give rise to plasmid pSrgE3ϫFlag-Bla (Table 1) , encoding a full-length SrgE488 -3ϫFlag-Bla fusion protein under the control of the trc promoter. Truncated versions of srgE were engineered in a similar manner using different reverse primers (BA2682, BA2066, BA2068, BA2069, and BA2488 are listed in Table 2 ) to generate pSrgE300 -3ϫFlag-Bla, pSrgE150 -3ϫFlag-Bla, pSrgE100 -3ϫFlag-Bla, and pSrgE40 -3ϫFlag-Bla fusion constructs ( Table 1) . The pSrgE-3ϫFlag-Bla, pSrgE300 -3ϫFlag-Bla, pSrgE150 -3ϫFlag-Bla, pSrgE100 -3ϫFlag-Bla, pSrgE40 -3ϫFlag-Bla, pSipA-3ϫFlag-Bla, and pFlag-Bla fusion constructs (Table 1) were introduced into the S. Typhimurium wild-type strain ATCC 14028 and its isogenic derivative mutant strains by electroporation. In a similar cloning approach, the C-terminal region of SrgE was tagged with the small 11th strand of the GFP betabarrel (GFP S11) from the pGFP S11 construct by using forward and reverse primers carrying NdeI and BamHI restriction sites (primers BA1958 and BA2114) ( Table 2) , respectively, resulting in the pSrgE300-GFP S11 fusion construct. pGFP S11 and pGFP1-10 constructs were purchased from Sandia Biotech, Inc. (Albuquerque, NM) (79) . The plasmid constructs pGFP S11, pSrgE300-GFP S11 and pPipB2-GFP S11 (Table 1) were transformed into the S. Typhimurium wild-type strain and its isogenic derivative mutant strains by electroporation.
Construction of mutant strains. Phage P22HTint (80) was used to transduce ⌬(ssaG-ssaU)::kan from YD515 into ATCC 14028 and YD039, to generate YD516 and YD517, respectively. Phage P22HTint was used to transduce flhD::Tn10 from strain AT351 into strain YD517 to generate FH0137. The ⌬(ssaG-ssaU)::kan allele in YD515 was constructed using Wanner mutagenesis (81) with primers BA996 and BA1281 (Table 2) .
Cell culture. RAW264.7 and J774.1 murine macrophage cell lines obtained from the ATCC were cultivated in Dulbecco's modified Eagle's medium (DMEM) (Gibco, Rockville, MD) containing 10% inactivated fetal bovine serum (FBS) (Biowest, Miami, FL), 1% nonessential amino acids, and 1 mM L-glutamine. The cells were seeded in 24-well culture plates containing coverslips 18 h prior to infection. All cells were incubated at 37°C in the presence of 5% CO 2 . This study pGFP S11 GFP strand 11 plasmid Sandia Biotech, Inc. pPipB2-GFP S11 PipB2-GFP S11 expression vector 79 pSrgE488-GFP S11 SrgE488-GFP S11 expression vector
This study pSrgE300-GFP S11 SrgE300-GFP S11 expression vector
This study pGFP1-10 GFP strand 1-10 plasmid Sandia Biotech, Inc. pCR2.1-TOPO Cloning vector; Kan r ColE1 Invitrogen
Generation of the J774.1 cell line in which GFP1-10 is stably expressed. J774.1 cells were grown in 6-well culture plates at a concentration of 10 5 cells/ml in DMEM containing 10% FBS overnight. The subconfluent culture of cells was transiently transfected using Lipofectamine transfection reagent (Invitrogen) in the presence of the mammalian expression vector pGFP1-10 (Sandia Biotech, Inc.). After 18 h of transfection, 1/10-diluted transiently transfected J774.1 cells were grown in the presence of 1.4 mg/ml of Geneticin (Sigma) for 15 days, and every 3 days, the medium was replaced by fresh medium containing 1.4 mg/ml Geneticin. After 15 days of cell cultivation, J774.1 cell colonies were picked and screened for GFP complementation by fluorescence microscopy analysis in the presence of purified GFP S11 protein.
␤-Lactamase activity assays. To examine the translocation of SrgEBla fusion proteins into host cells, J774.1 and RAW264.7 murine macrophage-like cells were seeded at 10 5 cells/ml onto 24-well plates containing coverslips 18 h prior to infection with S. Typhimurium strains expressing Bla fusion proteins at a multiplicity of infection (MOI) of 20. Plates were centrifuged at 1,000 rpm for 5 min at room temperature to synchronize the infection. After incubation for 1 h at 37°C in 5% CO 2 , the infected cells were washed three times to remove extracellular bacteria. To kill remaining extracellular bacteria, infected cells were incubated for 1 h in the presence of 1 mM IPTG and 100 g/ml gentamicin. After 1 h, gentamicin was removed by washing the cells, which were then further incubated for 8 h in the presence of 1 mM IPTG and 20 g/ml gentamicin to kill any extracellular bacteria that may have escaped from the infected cells. After 10 h of infection with Salmonella, infected cells were washed three times with Hanks' balanced salt solution (HBSS) (Invitrogen) and loaded with 1 mM fluorescence substrate CCF2/AM (Invitrogen) for 1.5 h at room temperature using the protocol recommended by the manufacturer. Then, the cells were washed three times with 1ϫ phosphate-buffered saline (PBS) and fixed with 4% paraformaldehyde for fluorescence analysis. FluoView Olympic confocal microscopy (Olympus, Japan) was used to examine the fluorescence of fixed cells with a blue filter (450-nm emission) and green filter (520-nm emission). The presence of blue fluorescent cells indicates translocation of the SrgE-Bla fusion protein, whereas the presence of green fluorescent cells means the absence of translocation of the Bla fusion protein.
Split GFP complementation assay. This assay takes advantage of the identification of two interacting fragments of GFP that yield fluorescence (79) . These two GFP fragments are the 11th strand of the GFP beta-barrel (GFP S11) and the first 10 strands of GFP (GFP1-10). The C terminus of SrgE was tagged with the GFP S11 fragment, whereas the GFP1-10 fragment was expressed in trans within J774.1 cells. Stably transfected J774.1 cells expressing GFP1-10 were generated using Lipofectamine transfection reagent, as described above. S. Typhimurium ATCC 14028 or its isogenic mutant strains were transformed with the pGFP S11, pSrgE300-GFP S11, or pPipB2-GFP S11 expression construct. Stably transfected J774.1 macrophage-like cells (10 5 cells/ml) expressing the GFP1-10 fragment were seeded onto a 24-well plate containing coverslips and were infected with S. Typhimurium carrying the GFP S11 fusion constructs at an MOI of 20. Infection was allowed to proceed for 1 h before addition of 100 g/ml of gentamicin (Sigma) to kill extracellular bacteria for 1 h, followed by 20 g/ml of gentamicin for the remainder of the course of infection. At 10 h and 18 h postinfection, infected cells were washed with PBS and subsequently fixed with 4% paraformaldehyde for GFP complementation analysis. Translocation of GFP S11 fusion proteins in cells expressing the GFP1-10 fragment yields functional GFP and green fluorescence within the host cell (79) .
Immunofluorescence microscopy. For immunostaining of S. Typhimurium and Bla fusion proteins, Salmonella-infected J774.1 cells were fixed with 4% paraformaldehyde for 15 min at room temperature and then permeabilized with 0.1% Triton X-100 for 5 min at room temperature. S. Typhimurium cells were stained using a polyclonal rabbit (1/500 dilution) (Novus Biologicals) or monoclonal (1/200 dilution) (Meridian Life Science) anti-Salmonella Typhimurium antibody, whereas Bla fusion proteins were stained using monoclonal anti-Bla (1/500 dilution) (Santa Cruz Biotechnology). Host cell nuclei were stained by DAPI (4=,6-diamino-2-phenylindole). The anti-Salmonella primary antibodies were detected with a secondary red fluorescent Alexa Fluor 555-conjugated antirabbit antibody (1/4,000 dilution) (Invitrogen, Carlsbad, CA), whereas the monoclonal anti-Bla antibodies were detected by a secondary antimouse antibody conjugated with Alexa Fluor 488 (green fluorescence) (1/4,000 dilution) (Invitrogen, Carlsbad, CA). Images were taken with a FluoView Olympic confocal microscope (Olympus, Japan).
Statistical methods. All experiments were performed in triplicate wells on three separate occasions. The statistical analysis was performed with Prism 5 software (GraphPad) with one-way analysis of variance (ANOVA) and Bonferroni analyses or the two-tailed unpaired Student t test. A P value of Ͻ0.05 was considered significant (*, P Ͻ 0.05; **, P Ͻ 0.005; and ***, P Ͻ 0.0005).
SrgE phylogenetic analysis. A list of SrgE homologs was obtained using the SrgE sequence from S. Typhimurium LT2 to search with BLAST the completed genomes deposited in the Kyoto Encyclopedia of Genes and Genomes (KEGG) database. Those sequences with an E value less than 10 Ϫ5 were exported in FASTA file format and uploaded into Geneious (version 7.0.6, created by Biomatters). Individual protein sequences were analyzed for coiled-coil domains using the coiled-coil pre- diction tool in Geneious. The alignment was then used to generate a neighbor-joining consensus tree with 100 bootstrap replicates.
RESULTS

Truncated forms of SrgE are expressed in Escherichia coli and S.
Typhimurium. We fused a 3ϫFlag tag to the N terminus of SrgE, as well as created a fusion of TEM-1 ␤-lactamase (Bla) (in which the sec-dependent signal sequence was deleted and replaced by 3ϫFlag) to the C terminus of SrgE (78) . Expression of both the Flag-SrgE and SrgE488 -3ϫFlag-Bla (indicating that 3ϫFlag-Bla is fused to the 488th residue of SrgE, which is the C terminus) fusion proteins was driven by the IPTG-inducible tac and trc promoters, respectively. In several attempts, we could not detect the SrgE fusion proteins expressed in either E coli or S. Typhimurium by Western blotting using anti-␤-lactamase or anti-Flag antibody. We then C-terminally fused 3ϫFlag-Bla to SrgE proteins from which various lengths of the C terminus had been deleted. SrgE400 -3ϫFlag-Bla could not be expressed either (Fig. 1) . However, we could detect the expression of 3ϫFlag-Bla-fused SrgE300, SrgE150, SrgE100, and SrgE40 (Fig. 1) . The only readily apparent correlation with expression is the CC domain, since removing this domain appears to allow expression. Since we were able to detect the expression of truncated SrgE-3ϫFlag-Bla fusion constructs in vitro, we next tested whether we could detect expression of these truncated fusion proteins within the bacteria during Salmonella infection of tissue culture cells. Therefore, we infected murine-macrophage-like J774.1 cells with S. Typhimurium expressing truncated SrgE-3ϫFlag-Bla fusion constructs or control plasmids (pSipA-3ϫFlag-Bla and pFlag-Bla). At 5 h postinfection, S. Typhimurium-infected cells were fixed and stained simultaneously with anti-Salmonella and anti-␤-lactamase antibodies. Flag-Bla, SipA-3ϫFlag-Bla, and SrgE300 -3ϫFlag-Bla were expressed by a portion of the intracellular S. Typhimurium cells (70%, 50%, and 60% of S. Typhimurium cells, respectively) (Fig. 2) . The lack of expression of Bla fusion proteins in individual S. Typhimurium cells may be due to the loss of fusion constructs in these strains. These data confirm that Bla fusion proteins are expressed and detectable in Salmonella during growth in vitro and during infection of tissue culture cells.
SrgE-Bla fusion proteins are translocated into host cells. Since we have demonstrated that SrgE300-Bla is expressed in S.
Typhimurium during infection of J774.1 cells (Fig. 2) , we next assessed whether SrgE300 -3ϫFlag-Bla is translocated into J774.1 and RAW264.7 cells infected with wild-type S. Typhimurium. We used SipA-3ϫFlag-Bla as a positive control and Flag-Bla as a negative control. Uninfected cells loaded with ␤-lactamase substrate (CCF2/AM) served as an additional negative control. After 10 h of infection with S. Typhimurium expressing truncated SrgE3ϫFlag-Bla and SipA-3ϫFlag-Bla fusion proteins, there were increased percentages of J774.1 cells with cleaved ␤-lactamase substrate (43%, 46%, 42%, 40%, and 50% of cells) compared to the percentages of the negative controls, S. Typhimurium cells expressing Flag-Bla (6%) or uninfected J774.1 cells loaded with CCF2/AM (0%) (Fig. 3A and B) . Similar results were observed with RAW264.7 cells (data not shown). These data indicate that S.
Typhimurium translocates SrgE into host cells.
SrgE is translocated into host cells via T3SS2. Given that SrgE is predicted by some algorithms to encode a T3SS effector (68, 69) and that we have demonstrated translocation of SrgE into host cells, we hypothesized that translocation would require either SPI1, SPI2, or the flagellar T3SS. Therefore, we tested mutants lacking any one of these systems and a triple mutant lacking all three for their ability to translocate the SrgE300 -3ϫFlag-Bla fusion protein. Only the SPI2 mutant and triple mutant strains were found to be defective for translocation of SrgE300 -3ϫFlag-Bla, indicating that the fusion protein is translocated into host cells via T3SS2 (Fig. 4A and B) . Expression of the fusion protein in each of these strains was confirmed (Fig. 4C) . Wild-type S. Typhimurium cells expressing Flag-Bla and SipA-3ϫFlag-Bla were used as negative and positive controls in this experiment, respectively. To test the hypothesis that the lack of ␤-lactamase activity in host cells infected with the SPI2 mutant could be due to a replication or survival defect, we performed a survival assay with J774.1 cells under the same conditions used for the translocation assay. The number of SPI2 mutant cells surviving within J774.1 cells was indeed reduced by 61% relative to the number of surviving cells of the wild-type strain. However, this defect was similar to that of the SPI1 and flhD mutant strains (reduced by 45% and 44%, respectively) and not as severe as that observed with the triple mutant, whose live-cell number was reduced by 84% (Fig. 5A) . Despite a similar defect between the SPI2 mutant and the two other mutant strains, the ability of the SPI1 and flhD mutants to translocate SrgE-Bla was not impaired. We also checked SrgE-Bla expression in all of the mutant strains during host cell infection by using immunofluorescence staining. All of the strains expressed the Bla fusion proteins at comparable levels (Fig. 5B) . Taken together, these data indicate that T3SS2 is the sole apparatus that translocates SrgE protein into the host cell cytosol.
Confirmation with a split GFP system. To confirm these results, we used a second approach that consists of a split GFP system (79) . The small portion of GFP (GFP S11) was attached to the C terminus of SrgE300 and full-length SrgE. As observed with the Bla fusions, the truncated SrgE300-GFP S11 fusion protein was expressed but not the full-length SrgE-GFP S11 fusion protein (data not shown). Therefore, SrgE300-GFP S11 was used for all experiments.
The large portion of GFP (GFP1-10) was used to generate stably transfected J774.1 cells. Expression of nonfluorescent GFP1-10 in J774.1 cells was evaluated and confirmed by fluorescence microscopy in the presence of purified GFP S11 (Fig. 6) . To assess SrgE translocation into host cells, J774.1 cells stably transfected with GFP1-10 were infected with S. Typhimurium expressing SrgE300-GFP S11 or an empty vector for 10 h or 18 h. A PipB2-GFP S11 construct was used as a positive control, and the empty vector pGFP S11 was used as a negative control. At each time point, S. Typhimurium-infected cells were analyzed for GFP complementation using fluorescence microscopy. Fluorescence analysis indicated that at both time points, 10% to 15% of J774.1 cells infected with wild-type S. Typhimurium expressing SrgE300-GFP S11 and PipB2-GFP S11 became fluorescent, compared to 0% becoming fluorescent with an SPI2 mutant strain expressing SrgE300-GFP S11 or with wild-type S. Typhimurium expressing GFP S11 alone (Fig. 7A and B) . These data indicate that S. Typhimurium translocates SrgE into host cells in a T3SS2-dependent manner.
DISCUSSION
T3SSs are the hallmark virulence factor of S. Typhimurium; their role in pathogenesis is to translocate multiple effector proteins from the bacterial cytosol into the host cells. Through concerted actions, these effectors are known to modulate host cell functions, thereby contributing to the virulence of S. Typhimurium (82, 83) . Early in silico analyses of SrgE have provided conflicting predictions as to whether SrgE is a T3SS substrate (68) (69) (70) (71) (72) . To test the hypothesis that SrgE is a T3SS, we used two different methods, a ␤-lactamase activity reporter assay and a split GFP system, to demonstrate that SrgE is indeed a T3SS effector delivered into host cells via T3SS2. It is not known why SrgE-Bla and SrgE-GFP S11 fusion proteins that include the CC domain could not be expressed. Since coiled-coil domains are known to mediate protein-protein interactions, the folding of the fusion protein and/or its protein-protein interactions within the bacterial cell may have been disrupted by the presence of the fusion partner. The deletion of the coiledcoil domain solved this problem. It will be interesting to determine what role this domain plays, either in the bacterial cell or in the host cell, after translocation.
A phylogenetic analysis of srgE indicates that it is present only in S. enterica subspecies enterica. At least among existing genome sequences, there are no occurrences of srgE in S. bongori or in the other subspecies of S. enterica. Since SPI2 is found throughout all subspecies of S. enterica, this suggests that SrgE was horizontally acquired after SPI2. There are over 1,500 serovars within subspecies enterica, and the occurrence of srgE among these serovars is somewhat sporadic (Fig. 8) . There are considered to be two pathovars within the subspecies enterica, consisting of those serovars that cause an extraintestinal typhoid-like enteric fever (the typhoidal serovars) and the nontyphoidal serovars, many of which cause gastroenteritis (84) . SrgE is present among the following available genome sequences for nontyphoidal serovars: Typhimurium, Agona, Cubana, Bovismorbificans, and Javiana. However, it is not found in Enteritidis, Gallinarum, Pullorum, or Heidelberg. srgE is found in the typhoidal serovars Typhi, Paratyphi B, and Paratyphi C but not in Paratyphi A. Alignment of SrgE homologs indicates that there are two types of SrgE proteins (Fig. 8) . One is found in the typhoidal serovars, and the other is found primarily in the nontyphoidal serovars, with the exception that Paratyphi B encodes a nontyphoidal type of SrgE. However, the name of Paratyphi B may be misleading, as some isolates actually cause gastroenteritis rather than extraintestinal infection (84) . Both types of SrgE encode the putative coiled-coil domain near the C terminus.
SrgE is expressed only from its natural position in the Typhimurium chromosome when the SdiA transcription factor is active, which is upon detection of AHL (64) . Since Salmonella does not make AHLs, the AHLs detected must originate from other microbes. However, to date, AHLs have not been detected within the gastrointestinal tracts of healthy mammals (85) . We have previously determined that SdiA becomes active in turtles colonized by Aeromonas hydrophila and mice infected with Yersinia enterocolitica (65, 66) . In addition, through literature searches and scanning the metagenomic data of the human microbiome project, we have identified up to seven other bacteria that have the potential to make AHLs that might be found in the gastrointestinal tract (85) . All of the bacteria mentioned are members of the Proteobacteria, and it is known that inflammation leads to proteobacterial blooms (86) (87) (88) (89) . One possibility is that SdiA detects the AHLs produced by members of these proteobacterial blooms, although this is purely conjecture at this time. Even if true, it still does not explain why Salmonella would add a single T3SS effector, SrgE, to its arsenal during a proteobacterial bloom. The other locus regulated by SdiA, the rck operon, includes a gene, srgA, that encodes a disulfide bond oxidoreductase. SrgA is known to play a role in the folding of the PefA fimbrial subunit and an outer membrane component of T3SS2 (90, 91) . The Rck protein itself is an outer membrane beta-barrel that confers resistance to complement killing and adhesion to and invasion of host cells (92) (93) (94) (95) (96) . Since Yersinia is known to block phagocytosis and Salmonella is known to induce uptake, we recently determined that Yersinia is "dominant" in that it blocks the invasion of Salmonella into epithelial cells but, surprisingly, not macrophages (97) . We tested the hypothesis that the SdiA regulon may play a role in these interactions and found no effect. Therefore, to date, the function of SrgE remains unknown. We are currently trying to identify any protein interaction partners of SrgE and the function of SrgE within host cells in the hope that this will shed more light on the purpose of AHL detection by Salmonella.
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